This paper addresses the problem of human visual weighted quantization for transform/subband coding of interlaced pictures. Merged eld coding is assumed. The criterion proposed for the optimization of the quantizer is the distortion measured on the deinterlaced and decoded image.
Introduction
The problem of optimum quantization of transform/subband coe cients, taking into account the HVS (Human Visual System) has received a lot of attention as far as progressive images are concerned 4, 6, 5] . A correct analysis of the problem has not yet been proposed for interlaced pictures.
Actually, when eld transformation is applied the problem reduces to the case of progressive images, with adapted sampling parameters. However, a higher e ciency may be expected by applying frame transformation which means processing the two elds merged together 1]. The purpose of this paper is to propose a correct approach for the computation of the weighting factors to be used in the quantizer when a frame transformation is applied to interlaced images. In order not to have to use a spatio-temporal eye sensitivity curve, the distortion is measured from the decoded image after deinterlacing. Assuming a translational motion, it has been shown in 3, 7] how such an operation could be performed. Hence the criterion that is used for the optimization is the quantization noise power of the decoded interlaced image, modi ed by the deinterlacing operation and weighted by the eye sensitivity function. This distortion will depend on the motion, because the lters required to perform an ideal deinterlacing operation in the case of a pure translational motion depend on the motion amplitude 3, 7].
2 Quantizer optimization 2.1 Weighting factor determination The methodology followed to optimize the quantizer is similar to that presented in 6]. Nevertheless, the distortion measurement used in the present work is the noise a ecting the progressive image which would be obtained by applying a perfect deinterlacing operation to the frame quantized after transformation of the merged elds.
This distortion can be expressed as a sum of the noise variances of the di erent subbands weighted by a weighting factor. The purpose of this section is to compute these weighting factors corresponding to the visibility of the noise a ecting the deinterlaced picture and due to the quantization of the interlaced image. We assume that the quantization of each subband corresponds to the addition of white noise to the corresponding subband signal. This white noise is colored by the synthesis process (inverse transformation) and is spread over the whole interlaced picture. The power spectral density of this colored noise is further modi ed by the deinterlacing process.
Let us assume that the quantization process of one-subband adds noise onto the merged elds.
Let us further assume that the analog noise hidden behind the noise samples is n a (r) where r is a vector with the two space coordinates. Through this section, bold lower cases will be used for vectors and bold upper cases, for matrices. This signal n a (r) would have been obtained from the noise samples by ideal interpolation, thereby limiting the bandwidth of n a (r) to frequencies such that j! x j 1=2w and j! y j 1=2h. The 2-dimensional sequence of noise samples corresponding to us denote by U the sampling matrix of the reciprocal lattice. We have U T V = I 2 where I 2 is the order-2 identity matrix. The purpose of this analysis is to understand how the power spectral density of the signal put on top of the merged elds (quantization noise for instance) is modi ed by the deinterlacing procedure. Therefore, we want to compute the power spectral density z (!) = E Z(!)Z (!)], assuming that the original signal n a (r) is stationary. where G ix (w! x ) (resp. G iy (h! y )) is the transmittance of the horizontal (resp. vertical) synthesis lter associated with horizontal (resp. vertical) subband i x (resp. i y ). The quantization noise variance associated with the subband produced after eld merging is It can be seen that the deinterlacing process produces additional frequency components which are always associated with the aliased version of the vertical synthesis lter. The relative importance of the two terms is determined by the motion components. This formula clearly shows the dependency of the weighting factors on the motion present in the processed part of the image.
Quantization step size
According to the results presented in 6], for a xed bit allocation procedure, the optimal bit allocation (in bits per sample) to subband i x ; i y is given by 
where R is the average number of bits per sample. The parameter depends on the performance factor of the quantization law 6] which relates the quantization noise power 2 i;q;ix;iy to the subband variance 2 i;ix;iy . For the case of a quantizer followed by an entropy coder, the quantization law has to be linear and the quantization step size q ix;iy of each subband has to be such that 
Subband variances
In the developments made in the previous section, the variances of the di erent subbands have to be known. Actually, we need the variances of the subbands produced after merging the two elds. The purpose of this subsection is to compute the psd (power spectral density) of the merged elds from the psd of the analog input image. We develop a model for the statistical properties of interlaced video signals in the presence of motion.
In the following, we use again the formalism proposed by Dudgeon 
where the analysis lters H ix (w! x ) and H iy (h! y ) have been assumed to be separable.
Experimental results
As an illustration, the weighting factors have been computed for the weighting curve normalized it turns out that when there is a vertical motion, the high vertical frequency subbands might be given large weights, even larger than low frequency bands.
These weighting tables have been used in a pure intra-frame DCT coder at a bit rate of 1.5 bits per pixel. The variable length coder was the UVLC 4]. The quantization was scalar. This intra-coder was applied to the sequences "Mobile and Calendar" and "Flower Garden". The results were compared with those obtained by means of the same coder but static weighting tables valid for progressive images (those provided by table 1). The following observations have been made. With "Mobile and Calendar" the motion is quite small and no major di erence could be noticed between the two weighting strategies. Conversely, for "Flower Garden" there is a major bene t in areas with a fast motion, especially the tree which was improved a lot. Static images are not presented because the only e ect which is slightly visible is the blocking structure, more visible with the non-optimized weighting. As regards the moving decoded sequence the di erence is most visible in the tree. The main e ect is the texture of the tree which is quite well rendered with the motion dependent weighting. Conversely with the static weighting the texture becomes much more noisy, patterns like base-functions become visible and much of the tree texture is degraded. Concerning the other parts of the scene, no major di erence could be noticed.
It turns out that for textured areas with a signi cant motion the improved weighting tables bring a signi cant improvement. These weighting tables have not been tested yet in a motion compensated coder. The reason is that the properties of prediction error images are di erent from those of original images. Hence the strategy of weighting should take into account that the prediction is already built from a weighted and decoded image.
Conclusion
This paper has addressed the problem of optimal quantization for interlaced image coding by means of a transformation applied within the frame, i. e. on merged elds. The distortion criterion takes into account the eye sensitivity to spatial frequencies. As an interlaced image is a spatiotemporal signal, an adapted criterion has been used. It has been analyzed what would become the quantization noise applied to the interlaced image after a deinterlacing operation. The resulting noise on the perfectly deinterlaced picture is a purely spatial signal whose pdf can be weighted by means of a purely spatial weighting function. By such a methodology, one can overcome the problem of choosing a spatio-temporal sensitivity function. As a result, a weighting factor has been de ned for each subband, depending on the vertical motion existing between two successive elds.
It also has been shown how to compute the variance of subbands obtained after eld merging. 
